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SUMMARY 


The    results    aro    presented    of    a    seriec-    of    flight    tests 
of    the    pei'f  orm-ince    and    cooling    cha.rac  t  er  i  s  t  i  c  s    in    hi/j;h-speed 
level    ilisj,'ht    and    in    clirab    of    the    XP-42    airplsnn    equip^jed 
v/ith    a    shoi-t-no?e    lev;- inlst- veloc  ity    cowling    and    an    axial- 
flo'-f    fan    mounted    on    the    spinner.       Thi::    cowl  in  ;T    is    one    of    a 
series    biaing-    te^jtod    in    an    effort    to    improve    the    pe  rf  ornia,nc  e 
and    coolin^t;    characteristics    of    air-cooled    engine    ins  t  ^,lla-• 
t  i  o  n  s  . 

The  results  of  the  t-Dsts  indicated  a  Eiaxirnum  spoed  of 
230  miles  per  hour  at  c90  horsepower  :xt  16,000  feet,  "'hich 
is    above    the    sn^;inj    critici'i.l    altitude, 

pres;jura    inec,  j^  a"'orn  en  t  s    at     the     sntrnnGos    to    tho    cylinder 
■baffles    shov'od    a    uniform    d  :I  s  t  r  i'ju  t  i  on    of    co  olin.«c-a  ir    pres- 
sur.is    on    -uh.j    fr^nt    of    the    er.?:ine    in    hi;^h- speed    level    fli5;ht 
and    a    fairly    jvv^n    dl ,:;  t  r  ie-i'..  ion    in    clir..D„       These    front       pres- 
sures   3.v3rufei    67    percent    of    f  rj^e-s  trt  am    impact    preiinire    in 
the    high-^peed    condition,    99    percent    in    full-povrer    climh    at 
155    miles    per    hou.rj    and    lOC    percenb    in    full-pover    climh    at 
140    miles    per    hour. 

Cyl  inder-hv'ad.    t  empa  r...ture  s    v;era    'veil    helow    their    c;pcc- 
Ified    DimiG    undar    all    condition"^,    but    riaximum    c:/linder- 
"base    temp-'.rc'.tura.t-     in    the    h\i!;h-spccd    condition    exceeded 
their    cpeoified    limit    whan    corrected    to    Arnv     summer    air. 
Cylinder- "oase    t -Trupsr  atur  es    in    climb    ■./■■ire    marginal. 

V'hen    the    cylinder    baffling   v/as    made    more    nearly    r^tand- 
ard    by    ramoval    of    the    spacial    sftalins;    stripe-    at    the    oottora 
of    the    baffles    on    the    cylinder    barrels,    maximum    has e- temper- 
ature   indications    i,vero    reduced    1.':''-^'    F.       A    redu.ction    of    this 


magnitude  brint- 
all  conditions. 


bass  tempor  atur'?s  balov;  Army  limits  in 


INTRODUCTION 


The  ImACA  iG  c  omUxc  t  inp  an  exte.isive  series  of  flight 
testR,  as  outlined  in  referencer  1  and  2,  in  an  attempt  to 
improve  the  characteristics  of  radial  air-cooled  engine 
installations . 


In  ox'"der  to  differentiate  readily  between  the  various 
installations  tested,  test  numbers  have  been  assigned  to 
each  airplane  condition.   They  are  as  follows: 

Test        Tjx>3    of  cov-lin^;  and  flight  condition 

1      Long-no '0  high- inlet -v-jloc  i  ty  co'/ling  v/ith  small 
cowl  flaps;  high  speed 

3      Long-nose  high-inlet-velocity  cowling  '-/ith  modi- 
fied cowl  flaps;  climb 

3  Siiort-nose    high-inle t-veloc  itj^    cov;ling    with    small 

cowl  flap:-;;  high  speed 

4  3hort-nOc3    lov- inl -^t-vc  1  oc  i  ty    cowling   v/ith    fan, 

cuffs,  and  small  co'-il    flaps;  high  speed 

5  Short-uose    iov;- inle  t-velcc  ity    co'/ling   with    fan, 

cufiE,    and    modified    cowl    f  l.ips  ;    cl'imb 

6  Short-no  S3    low- inlo  t-vuloc  ity    cowling    v/ith    fan, 

cuffs,  and  modifiei  co'vl  flaps;  high  speed 

7  As  in  test  6,  but  with  baffle  seal  strips  at 

base  of  cylinders  r, amoved;  high  speed 

The  results  of  trstr;  J.  and  2  are  described  in  reference  . 
1,  and  those  of  tesb  3  in  ref-irencj  '.■:.   The  present  paper 
covers  th,.  results  of  t  e .;  t  s  4  t  c  7, 

The  design  of  the  cowling  and  engine  i  n-^  t  allat  i  on  ,was 
a  project  cf  the  Ai3 — Cooled  3ngino-Installat ion  Group  sta- 
tioned al.  the  Labo  r.-^t  ory,   Th  5  members  of  this  group  associ- 
ated v/ith  this  projoct  ir.cludTd  Mr.  Howard  S.  Ditsch,  of  the 
Cur  tiss -'wr  igat  Corooratijn;  Mr.  Peter  Terrpco,  of  the  Hepublic 
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This  paper  v/as  originally  issued  (March  38,  1942)  as 
memorandum  report  for  the  Army. 
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XP-42    AIHFLA3E    WITH    SHORT-VTOSS    LOW- 
IITLET-ySLOCITY    COWLINCV   AUD    FAI^ 


The  XP-42  airplano  used  in  tho  tests  is  descrihed  in 
references  1  and  3.   Figure  1  is  a  dim.  en  si  one  d  drawing  of 
the  short -nose  low- inle t-ve loc i ty  cowling  and  fan  installa- 
tion.  The  outer  cowling  is  the  same  as  that  of  the  short- 
nose  high-inlot-velocity  installation;  Tout  the  inner  section 


has  t  e e Ji  mo d i f  i  e d 


the  use  of  a  smaller  spinner,  the  fan, 


and  a  straight  or  diffiiser  section 


5:r eater  inlet  area  de- 


signed for  an  inlet- vcloc  it  y  ratio  of  0.3.   Figures  2,    to  5 
are  photographs  of  tho  cowling  as  installed  on  the  airplane. 


2-^  inches 
and  set 


The  fan  had  30  hlades,  each  ^^ 

root  chord,  and  1-j  inches  tip  chord  _  _  _ 

approximately  46*^  to  the  plane  of  rotation, 
of  the  spinner  at  the  fan-blade  root  was  28 
gap  between  the  tip  and  otiter  surface  of  the 
6/lG  inch.   The  results  of  wind-tunnel  tests 
fan  are  given  in  reference  3. 


1 

long,  3'!  inches 
at  an  angle  of 

The  diameter 

inches  and  the 

d i  f  f  u s  e r  '-'as 

of  a  similar 


The  cov;ling  was  originally  equipped  with  only  two 
cowl  flaps  on  either  side.   These  four  flaps  vfere  found 
to  be  inadequate  for  cooling  in  climb;  and  three  fixed 
cowl  flaps,  whose  setting  could  be  changed  on  the  ground, 
were  added  to  each  side  f;)r  the  climb  tests.   The  added 
cowl  flaps  are  shown  in  the  closed  position  in  figure  5. 


The  -'lirplane,  ar>  jirepared  for  ths  tests,  weighed  6000 
ji<:  j.a.6.s    wit'a  pilot  and  full  tanks.   The  airplane  was 
equipped  with  a  standard  aerial  but  had  no  provision  for 
gun  s . 


T3ST  APPARATUS  AITD  PHOCEDURE 


The  ini:talic;tion  of  the  test  <3i.inix-'m3?it  is  aescrihed 
in  reference  3. 

After  preliminary  gr  ound-c  ool  inff  and  flijht  checks, 
the  maximixm  speed  was  determinod  by  making  level-f lijiiht 
runs  at  full  power  afc  and  above  the  engino  critical  alti- 
tude, as  described  in  reference  'e.       The  cowl  skirt  was  then 
cut  for  the  installation  of  additional  cowl  flaps,  and  climb 
tests  were  m  a,  d  j  v/  i  t  n  t  b  i3  o  o  w  1  flops  fixed  open. 

The  first  of  tncsc  climb  tests  was  a  sustained  clirab 
to  20,000  feet  at  approxiua.t  el/  155-rn  ile  s-per-hour  indicated 
airspeed,  an  engine  speed  of  3550  rpm ,  and  40  inche:;  of  mer- 
cury menifold  pressure  to  full  throttle,  •/ith  the  carburetor 
setting  in  putomf. tic  rich.   The  second  climb  was  to  the  same 
altitude  at  140-milei;-per-hour  indicated  airspeed  and  an  en- 
gine spoed  of  3550  rpm  in  full  rich.   The  manifold  oressure 
was  kept  at  42n    inches  of  mercury  fur  altitudes  below  7000 
feet,  then  at  41-  inches  of  mercury  to  full  throttle.   All 
recordi:a.:j;  ins  t  rum^^n  t  s  except  the  manometer,  used  to  record 
cooling-air  pressures,  v/vire  loft  on  throUi^hout  each  climb. 
The  manometer  v/as  left  on  for  40  seconds  of  ev^ry  minute 
during  the  climb. 

After  the  climb  tests,  the  co'-'l  flaps  were  fixed  closed 
and  additional  high-speed  runs  wer.;  made  to  determine  the 
effect  of  the  added  cowl  flaps  on  the  maximum  speed  of  the 
airplpne. 

Nine  of  the  fourteen  small  sealing  strips  bctv/een  and 
at  t.he  bases  of  the  cylinders  were  then  removed,  and  high- 
speed run?  w.:ro  mado  in  order  to  determine  the  effect  of 
the  sealing  strips  upon  the  observed  cylinder  temperatures 
and  cooling-a.ir  pressures.   The  other  five  sealing  strips 
were  not  removed  because  they  were  difficult  to  reach  with- 
out removal  o,f  much  of  the  experimental  pressure  tubing, 
ignition  harness,  and  other  apparatus.   The  strips  remaining 
in  plac3  were  between  cylinders  12  and  13,  11  arid  1,  1  and 
2,  2  and  Z,    and  9  and  10.   Each  strip  was  2  square  inches 
in  area. 
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SYMBOLS 

airplc-jne    impact    press i'' re,     inches    of    vater 

average  pressure  drop  across  engine,  inches  of  vat  or 

f  r  G  o - a  i  r  density  ratio 

volume  flow  of  free  air,  cubic  feet  per  minute 

propulsive  efficiency  of  propeller  .-"nd  erchcust  stack 
comb  inat  ion 


S  w  i  n  ,;^  a  r  o  a 

Cp  drag  coefficient  of  airplane 

thp  brake  horscpover 

V  true  a  i  r  s  p  e  e  d 

RESULTS  AIJD  DI  SCUSS  I  OH 


The  data  obtain.jd  during;  the  high-speed  r\i.ns  and  durin^; 

the  climbs  are  pr.;sentod  in  t,-i,bles  I  and  II,  The  important 

climb-test  d.'^.ta  are  shovn  in  figure  6  in  the  form  of  time 
histories  of  tirie  climbs. 


Maximum  Speed 

The  values  of  maximum  speed  obtained  from  level  runs 
at  full  throttle  near  and  above  the  en.];ine  critical  alti- 
tude are  plotted  against  density  altitude  in  figure  7, 
In  the  same  figure  are  plotted  the  observed  brake  horse- 
power and  t  vfo  parameters  representative  of  the  aerodynamic 
refinement  and  of  the  effective  power,  respectively,  as 
explained  in  references  1  and  2.   These  data  are  presented 
both  for  the  airpla.ne  with  the  original  cowl  flaps  (tost  4) 
and  with  tao  modified  cowl  flaps  (tests  6  and  7). 

The  series  of  speed  determinations  with  the  original 
cowl  flaps  i^ave  much  more  consistent  results  than  were  ob- 
tained with  the  modified  cov/1  flaps. 


The  observed  difference  in  spoed  for  the  two  installa- 
tions v.'as  Z    miles  per  hour,  or  1  percent  of  the  speed.   As 
may  be  seen  froiu  figure  7,  this  sp-ed  loss  is  the  result  of 
a  loss  in  botxi  po--/er  ana  aerodynamic  cleanness.   Ihe  values 

of  the  p.Trameter   ( -irii       shew  a  loss  of  approximately 
l/o  percent  or  1  "lils  per  hour,  duo  to  power  and  the  values 

5   f  _!!■_ 'i  '    shovr  a  loss  of  2/5  percent, 

or  2  miles  per  hour,  due  to  increared  drag. 

The  speed  co;nparisons  of  references  1  anci  g  are  ex- 
t-?nded  in  figure  3  to  include  the  observed  maximum  speed 
values  for  tne  preaeut  installation  with  the  origiua.l  cowl 
flaps.   The  values  shov;ii  for  the  previous  XP-4:2  installa- 
tions (tests  1  and  ?)  were  chosen  as  bein.^  most  nearly  rep- 
resentative of  tne  best  -oerforraance  of  each  installation. 


of  the  pa, ramater  o2.7 


Because  of  the  difference  in  po-;er  output  from  the 
en.jcina  in  e-s.ch  S3ries  of  tests,  the  three  Xr-42  installa- 
tions cannot  be  coL.pared  directly  in  tarns  of  observed 
maximum  speed.   Examination  of  figure  8  shows  that,  if  in 
each  case  the  engine  nad  delivered  its  rat^d  military  power 

(1000  hp  at  14,500  ft;  ll.:ti.   =  1534),  the  speed  comparison 

O 

w  0  u  1  d  b  e  : 


Gbs 

erved  maximum 

:!a:;imum  speed  at 

In  s  tall  at  i  0.1 

s  p  e  c  d 

1000  hp  at 
14,500  ft 

(mph) 

(.nph) 

Xr-42  ihort-nose 

low-inlet- velocity 

with  fan  (test  4) 

330 

357 

XP-42  short-nose 

high- in let-velocity 

(t5St  3) 

335 

539 

XF-42  lon=^-noso 

(tort  1) 

33  8 

344 

The  engine  po-ver  observed  for  the  present  installa- 
tion includes  the  pov:er  absorbed  by  both  the  fan  and  the 
propeller.   Although  the  fan  tests  reported  in  reference  3 


did  not  include  tho  'blade  angl^  used  in  tho  prevsent  fan, 
extrapolations  from  those  t-jsts  indicate  that  the  fan 
absorbed  appr oximrt e ly  20  horsepower  in  high-speed  level 
flight,  or  the  pov/er  equivalent  of  2    miles  per  hour  in  top 
speed. 


pressures  and  Temperatrtre  s 

The  distribiitions  of  engine  cooling- air  pressures  for 
tests  4,  5,  and  7  are  shown  in  figure  9, 
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In  the  cli;ubs  at  155-  and  at  140-ir.  ile  s-per-hour  indi- 

airsjjeed,  the  variation  of  cooling-air  pressures  on 
the  front  and  the  rear  of  the  en'^-ine  v/as  somewhat 
er  than  in  the  high-speed  condition;  and,  as  the  angle 
tack  increased,  there  '.ras  an  increase  in  both  front 
ear  pressures  a.t  t?ie  bottom  of  the  engine  as  compared 
pressures  observed  nea,r  the  top  of  the  enjtine.   It  is 
noted  that,  as  the  pov;er  dropped  off  at  altitudes 
critical  in  cli:.ib,  average  front  pressures  decreased 
verage  rear  pressures  increased. 


The  distribution  of  cylinder  head  and  barrel  teiiipera- 
tures  is  saovn  iji  fic;uro  10  to  bo  very  nearly  tho  same  a.t 
full  throttle  both  in  high  speed  .?nd  in  climb  when  the 
carbur  at  or -mi  xtur  3  control  is  in  -'.ut  om.-i.t  ic  rich.   Figure  11 
indicates  that  tliis  distribution  p.-ittern  remains  constant  at 
all  altitudes  in  that  carburetor  setting.   Comparison  of 
figure  12  v/ith  figure  11,  howevr^r,  shows  that,  .-\lthough  tho 
tempera.ture  d  is  u^^ibut  ion  in  full  rich  is  simila.r  at  lov/ 
altitudes  to  that  in  automatic  rich,  it  becomes  markedly 
different  at  hifzih  altitudes  as  the  fuel-air  ratio  increases. 


This  chance  in  t '?npe  rat  lire  fl  i  s  t  ribut  i  on  tabe":  place  T-:ith 
XiO  chan^'.e  in  cooling-air  prsBsuro  distribution  durin.;  the 
climb.   (See  fii^.  9.) 

In  gen-jral,  there  is  no  apparent  corrslfition  bet-reen 
individval  cylinder  t  eriperature  3  and  t  hi:=!  prucsura  drops 
across  those  cylinders.   The  effects  of  tha  small  obsorved 
variations  in  cooling-air  pressure  a.ro  obscurod  by  varia- 
tions in  othor  factors,  such  as  mixture  distribution,  charge 
wcif^ht,  cylinder  construction,  and  baffling,   Th3  results 
discussed  in  the  preceding  paragraph  indicate  thcit  ,  for  very 
rich  mixtures,  the  fuel  distribution  is  the  predominating 
factor  in  determining  the  temperature  d  is  tr  ib\it  ion. 

The  cylinder  baffl'^'S  p-'ovi.ied  with  this  engine  differ 
from  the  baffles  ordinarily  used  in  that  they  fit  closer 
to  the  fin;;  and  Include  sma.ll  Dealin;;  utrips  bet'/een  ad- 
jacent cj'-linder  barrels  from  the  bottom  barrel  fin  to  the 
mounting  fln.nge.   In  this  test  and  in  previous  tests  'vith 
the  ScUHcj  baffling  (refori^ncos  1  and  2),  cyl  iud  or-hca,d  tom- 
pcra.turcs  were  well  bolow  their  specified  Army  limit  but 
C5''lindor-barr  el  t  e:".pe  ratur  es  exceeded  their  limit  in  the 
high-speed  leve  1-f ligiit  condition  and  wore  marginal  in  the 
climb  condition. 

It  was  thou.";ht  that  a  more  nearly  standard  baffling 
arrangomcnt,  permitting  a.  flov/  of  cool  air  around  the  un- 
finned  portion  of  the  barrel  and  on  the  thermocouple,  might 
result  in  lower  temperature  indictit  i  on  s  on  the  barrels. 
Those  baffle  seals  v/hich  con.ld  be  roachod  easily  "ere  there- 
fore removed  for  a  series  of  h^igh-speed  runs  (test  7),   Fig- 
ure 13  shov/s  a  comparison  of  the  head  and  barrel  tempera- 
tures observed,  during  these  ru.ns  v/ith  temperatures  observed 
while  the  baffle  sea.ls  were  in  place.   There  was  no  change 
in  average  or  in  maximum  cylinder-head  temperatures,  but 
the  maximum  barrel  temperature  was  reduced  by  15°  ?  to  20°  P 
and  average  barrel  temperatures  were  reduced  by  10°  F.   Fig- 
ure 9  and  table  I  show  that  the  cooling-air  pressures  on  the 
front  of  the  engine  did  not  change.   The  rear  pressures, 
however,  increased  by  approximately  O.Olq,,,  presumably  be- 
cause of  the  increased  air  flow  where  the  baffle  seals  were 
removed. 

The  removal  of  the  baffle-seal  strips  brought  all  ob- 
served barrel  temperatures  below  the  Army  limit,   (See  fig. 
13.)   VJhcther  this  procedure  resulted  in  a  cooling  of  the 
barrels-  or  of  tho  thermocouples  is  not  established,  but  the 


apparent  reduction  of  temperatures  so  achieved  would  have 
been  sufficient  to  reduce  'barrel-teinperature  indications 
telow  the  Army  limit  for  this  and  all  previous  cowling 
arrangements  in  all  climlD  and  level-flight  tests.   Aver- 
age and  maximum  cylinder  temperatures  during  climb  have 
been  plotted  in  the  time  histories  of  fi;:;ure  6,   In  order 
to  facilitate  comparison  of  thjse  t  emperatur.5  s  vith  their 
specified  Army  limits,  these  temperatures  have  boen  rc- 
plotted.in  figure  14  in  '^J  above  free-air  temperature. 
Cylinder-head  temperatures  were  well  below  their  limit 
but  maximum  cylinder-barrel  temperatures  were  marginal. 
The  shape  of  the  cylinder-head  maximum-temperature  curve 
for  the  full-rich  climb  was  caused  by  a  change  of  the  maxi- 
mum temperature  from  cj'linder  13  to  cyliador  9. 

In  the  present  installation,  the  amount  of  cooling- 
air  flow  through  the  engine  could  not  be  calculated  from 
the  pressures  observed  at  the  survey  rakes  in  the  annulus 
because  of  tlie  twist  imparted  to  the  air  by  the  fan.   Ex- 
cept for  the  case  v/here  the  baffle  seals  are  removed,  the 
air  flov;  can,  however,  be  calculated  on  the  assumption  t;iat 
tha  orifice  coefficient,  based  on  average  front  and  roar 
pressurv^s  for  the  present  installation,  is  the  same  as  that 
of  the  short-nose  high- inle t-vo lo c ity  cowling  installation 
(reference  2).   For  that  installation,  the  air  flovif  could 
be  calculated  from  the  eq^uatlon 


/ap   /qc 
Q  =  41;::0   / / 


where 

^     volume  flow  of  free  air,  cubic  feet  per  minute 

Ap    average  pressure  drop  across  engine,  inches  of  v/ater 

airplane  impact  pressure,  inches  of  water 

free -air  density  ratio 


<lc 
a 


On  the  basis  of  the  preceding  equation,  the  cooling- 
air  flov;  through  the  engine  in  high-speed  levul  flight  v/ith 
both  the  original  and  the  modified  cowl  flapo  was  approxi- 
mately 21,100  cubic  feet  of  free  air  per  minute  in  the 
range  of  altitudes  tested.   The  inl et- ve loc i ty  ratio  was 
then  approximately  0.33. 
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CONCLUSIONS 


1.  The  maximum  speed  of  the  aP-42  airplane  obtained 
with  the  short-nose  low- inlet-ve loc i ty  cowling,  the  axial- 
flow  fan,  and  propeller  cuffs  vas  about  2  miles  per  hour 
less  than  that  obtained  with  the  short-nose  high-inlet- 
velocity  cowling,  and  about  7  miles  per  hour  less  than 
that  obtained  v/ith  the  long-nose  high- inle  t-veloc  i  ty  covrl- 
ing  at  the  same  power  and  altitude. 

2.  Cooling-air  pressure  recoveries  on  the  front  of 
the  engine  were  87  percent  of  airplane  impact  pressure  in 
the  high-speed  condition,  99  percent  in  the  full-power  climb 
at  155- mile s-pe r-hour  indicated  airspeed,  and  105-percent  in 
the  full-power  climb  at  140-m.ile  s-per-hour  indicated  airspeed. 


o.   Cylinder-head  t  emperatur -f  s  were  satisfactory  in  all 
conditions,  but  maximum  cylinder-base  temperatures  exceeded 
the  Army  limit  in  the  high-speed  condition  and  were  marginal 
in  climb.   A  more  nearly  standard- baffle  arrangement,  obtained 


by    r  e  m.  0  V  i  n  g    the 


,in. 


strips    from    tlie    bottom    of    the    cylin- 


ders,   reduced    the    cji'l  inder-baso    temperature    indications    b< 
the    Army    lim.it. 


lov; 
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Figs.  2,3 


Figure  2.-  Front  view  of  XP-42  airplane  with  short-nose  low-inlet  velocity- 
cowling  and  fan  (test  condition  6). 


Figure  3.-  Three-quarter  front  view  in  test  condition  6. 
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Figs.  4,5 


Figure  4.-  Three-quarter  rear  view  n  test  condition  6. 


Figure  5.-  Close-up  of  cowling  and  fan  (test  condition  6), 


NACA 


I 


Fic6 


/O     /2' 


nme,     mm 
(q)  /55mph;  autom  atic  r/'ch- 
F/'a.6—7ime  histories  of  c/imbs    in   test  5 . 


lime ,  m/n 
ib)  /■t'O mph;  full  rich. 
(Measure     wifh  -5^"  sca/e) 


NACA 


^  /2 


^ 


?l 


30 


/OOO 

<5 


32C 


\ 

1 

1 

<B» 

■1 

1                                1 

-5iV       O 

1 

' 

a 

•f    n 

-+ 

^r*-"- 

+ 

—S--*:. 

"     / 

^   o 

1 

1 

1           ^1 

I 
//              // 

j 

— 1 

9« 

I 

•-^»=- 

^>: 

^^- 

1 

1         1 

r 

=,• 

' 

T- 

o 

+ 

1-       * 

1    1 

1     "" 

Fig-  7,3 


.:^ 


I. 


/z 


za 


ZZ  K  /c^ 


/4-  /6>  /S 
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